There are many possible approaches to the cancer problem but the study of carcinogenesis is one of the most central and important.
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President-W. A. MILL, M.S., F.R.C.S. [March 2, 1956] DISCUSSION ON CANCER RESEARCH: ITS PRESENT TRENDS Professor A. Haddow (Chester Beatty Research Institute, Institute of Cancer Research:
Royal Cancer Hospital): The Study of Carcinogenesis There are many possible approaches to the cancer problem but the study of carcinogenesis is one of the most central and important.
It is just over forty years since cancer was first induced by experimental means by the Japanese, through the application of carcinogenic coal tar to the ears of rabbits. Many years have been spent in developing that key observation, but during the last ten years we have concentrated much more upon problems of the mechanisms of action of cancerproducing substances: by their use we can convert the normal cell into a cancer mutation. So far as we can make out there is no essential reason why ultimately the whole of that process should not be defined in biochemical terms. That process has just started to be elucidated, and eventually it may be the only rational approach to the whole cancer problem.
Twenty-three years ago my predecessors at the Royal Cancer Hospital identified the hydrocarbon 3 : 4-benzpyrene as the substance responsible for the introduction of skin cancer through occupational exposure. Very soon afterwards large numbers of related compounds were synthesized in the laboratory and over a period of years Kennaway and his school were able to work out a fascinating series of relationships between these compounds, with reference to the parent hydrocarbon phenanthrene. A great deal of work has been carried out to determine which feature of these molecules is the most significant, and the research work by the French school of theoretical physics indicates that a special part of the molecule, the phenanthrene double bond, is of great importance for the induction of the carcinogenic process.
In spite of our considerable knowledge of the relationship between chemical constitution and biological action, we still have no inkling as to the site within the cell at which these substances combine and operate, nor do we know exactly by what means they bring about carcinogenic transformation. However, in the past five to seven years we have been studying carcinogenic activity in an entirely different class of chemical substance, namely, the so-called nitrogen mustards which contain a nitrogen atom to which are attached two chloro-ethyl side-chains of the same kind as those found in mustard gas. We were struck by the fact that the biological activity of these compounds is closely related with chemical reactivity. This was a feature which had already been suspected in the case of the carcinogenic hydrocarbons, but is more evident here.
These, then, are substances which in some ways are much more readily susceptible to investigation than the hydrocarbons, which are sluggish and complex and do not themselves suggest any likely method of action. An essential feature in these new carcinogens is the presence of the two highly reactive side-chains. These substances also act directly upon the dividing cell and their cytological effects-for example, chromosome fragmentation, the production of bridges at anaphase, and interference with the process of chromosome spiralization-can be studied with relative ease.
Many of these effects can be mimicked by ionizing radiation. There is a certain parallelism between the effects of the hydrocarbons and that of ionizing radiation, but the parallelism is much closer in the case of the mustards, which can induce biological end-results indistinguishable from those due to X-rays. Examples are greying of the hair in coloured mice, the application of certain of these agents in the palliation of Hodgkin's disease and the chronic leukemias, and the carcinogenic properties which many of them, equally, possess.
At an early stage in the study of the nitrogen-mustard-induced tumours we were struck by the appearance in the tumour cells of anomalies of cell division rather similar to those produced by the same compoundsin normally dividing cells. This feature drew our attention more and more to the possibility that such agents may act primarily on the cell nucleus. While the primary action may well be on the nucleus it must be understood that that would at once involve repercussions in the cytoplasm, and more recently we have been giving attention to possible consequent changes in the cell surface.
After studying several hundred such compounds it became obvious that biological activity in these series depended on the presence of at least two of the characteristic sidechains, and the question arose why that should be so. It was suggested by three of my colleagues at the Cancer Hospital that the requirement might be based upon a so-called cross-linking mechanism. We now know that the hypothesis is unduly simple. Nevertheless SEMM it immediately led to much further work along two lines. First of all, cross-linking chemical agents, already used in the textile industry in the treatment of wool to prevent shrinkage and to improve fabrics, were tested biologically. It became at once obvious that many such agents, developed for industrial purposes, did in fact bring about biological responses in dividing cells equivalent to those produced by the mustards and by radiation.
Apart from selecting agents already known, great efforts were made to synthesize entirely new kinds of compound which might be expected to show this kind of biological activity in enhanced degree. Most of these efforts were quite unsuccessful, as usually happens, but in one case success was achieved, namely, in a series containing methanesulphonyloxy groups. Members of this series proved to be similar in action to the others we had already studied, but in addition some showed new and relatively specific properties-namely, in their capacity to reduce the number of circulating neutrophils. One such compound was, accordingly, subjected to clinical trial with special reference to chronic myelogenic leukxmia and this agent (Myleran) can produce useful responses in this disease.
On the fundamental side we do not know chemically with which of the cell receptors these agents combine, but high in the list of possibilities there are the nucleic acids. Here we are dependent upon advances in the knowledge of these substances before we can proceed farther. This field has been tremendously influenced in the last eighteen months or two years by the proposal made by Watson and Crick as to the structure of deoxyribonucleic acid (DNA). While awaiting further knowledge as to the receptors involved (and especially as to the chromosome structure itself) we can obtain a good deal of information from study of what is still the most favourable biological material in that respect, namely, the giant chromosomes of the salivary gland of the fruit fly drosophila.
Many of the present facts and observations tend to support an older view, namely, that the change from the normal to the malignant cell may involve a process of biological loss. At the moment, we imagine that the carcinogens may act by deleting proteins or enzyme systems which may be concerned with the regulation or the damping down of more primitive reactions which, left to themselves, drive the cell into division. If this is so, it may be possible eventually to attain a kind of substitutive chemotherapy, by which the growth of the malignant cell may be restrained once more by treatment with the enzyme systems in which it is defective. At the moment we regard the essential change as a kind of specific biochemical deficiency, and the next stage is to establish its exact nature more precisely.
Professor Geoffrey Hadfield (Imperial Cancer Research Fund, Clinico-Pathological Laboratories, Royal College of Surgeons): Co-carcinogenesis I shall consider the part played by research in the problem of malignant disease arising in protective epithelia, i.e. the skin and the upper respiratory, upper gastro-intestinal and lower genito-urinary tracts.
In these situations it is often possible to relate the malignant process to a predisposing factor and if many cases are grouped together on this basis it becomes obvious that such factors as chronic disease, occupation, personal habits, atmospheric pollution and physical environment carry a significant carcinogenic risk. As examples of such "populations at risk" one may quote the male Chinese population of Malaya, the shale-oil workers of East Lothian, the mule spinners of South East Lancashire, men having syphilitic glossitis, middle-aged women suffering from dysphagia and chronic microcytic anmmia, as well as the population of heavily industrialized areas, and I would suggest that the investigation of indirect carcinogenic risks such as these should be regarded as an integral part of fundamental cancer research. There is little doubt, for example, that the inorganic salts of arsenic are carcinogenic to man, although experimental animals are insusceptible to them. The fact that there are 72 occupations in which this human carcinogen is employed is a piece of highly significant etiological evidence. In those whose work involves the use of chromium salts primary cancer of the lung is 16 to 80 times more common than in the general population and there are approximately 50 occupations in which these substances are used. The number of occupations in which crude tar is employed is of the same order.
When cancer of protective epithelia is viewed against this background it seems permissible to make certain generalizations. In the first place a long latent period varying from five to twenty years elapses before malignant disease declares itself (see Fig. 1 ), and the exposure to the carcinogenic environment need not, after this period of initiation, be continuous. Secondly, the proportion of those exposed to the risk who develop malignant disease is small compared with the total population subjected to the same hazard.
If we use these generalizations to plan a realistic experiment we might assume that the carcinogenic agent is acting at a sub-carcinogenic level and that, in all probability, most of the human population at risk is resistant, possibly highly resistant, to its action. In our experiment, therefore, we should employ our carcinogen in sub-carcinogenic doses over a long period, take great care to avoid producing malignant change and use an animal which is fairly resistant to our carcinogen.
When these conditions are fulfilled it has been shown that the whole epithelial surface .subjected to continuous sub-carcinogenic doses of carcinogen becomes profoundly altered.
In the language of the experimentalist it is "initiated" and becomes highly "reactive" for if a relatively small part of it, selected at random, is appropriately stimulated, a carcinomatous focus will develop where the specific stimulus is applied. The localized production of malignant disease in an initiated surface is known as "promotion" and this can be induced by the ,application of another carcinogen in sub-carcinogenic doses or by using a weak carcinogenic agent such as croton oil. On the other hand, non-carcinogenic irritant chemicals, ultraviolet light, heat below 100°C., and solid CO2 are, to varying degrees, all capable of promoting malignant disease in initiated surfaces. More significantly, however, simple excision *of a relatively small part of the area promotes malignancy more frequently than physical and chemical injury, more especially when the animal used is, like the rabbit, less susceptible to the pure coal-tar carcinogens than a highly susceptible animal such as the mouse. In this connexion it may be supposed that man more closely resembles the more resistant rabbit, for it is well established that the rhesus monkey possesses a high degree of natural resistance to these potent carcinogens. In a significant number of experiments, when a rabbit skin area, such as the pinna, is initiated by sub-carcinogenic doses of a pure coal-tar carcinogen the only way in which malignant disease can be promoted in it is to punch out a cylinder of skin and underlying tissue. This manceuvre was introduced by Peyton Rous, and one of his experiments is illustrated in Fig. 2 . A long period of initiation by the applica- tion of methylcholanthrene to the animal's ear produced a series of regressing papillomata (unshaded circles). After a period corresponding to thirty-five years of human life a hole (black circle) was punched in the ear and during the healing process a focus of infiltrating carcinoma appeared at the edge of the hole. The fact that carcinoma of an initiated surface ,can be promoted by another carcinogen raises the rather strong probability that these agents may act synergistically in the strict pharmacological sense. Reduced to everyday experience we may suppose that, in this age of industrialism, a man whose occupation exposes him to a carcinogen in sub-carcinogenic dose may develop a carcinoma because another carcinogen, acting below the threshold dose, is added to the industrial process in which he is engaged, or that he changes his occupation to another in which a dissimilar carcinogen is used.
The unsolved problem of the nature of "initiation" is a challenge which has been taken up by many research workers. Berenblum, a pioneer in this field, suggests that there is -a profound change of growth habit in the basal or germinal cells of initiated epithelia. He would have us believe that differentiation is inhibited in the daughter cells derived I -MAJL""Wt"-Per,od I j I-X. 10 20 30 from proliferating basal cells and that initiated epithelia contain an excess of undifferentiated cells possessed of considerable growth potential. Cancer arises when such cells are propelled into continuous mitotic division by a promoting agent. Orr, on the other hand, suggests, and has produced supporting evidence, that the primary effect of initiation is on the subepitheial mesenchyme.
It may be that human pathology has a contribution to make in this controversy. An increasing number of pathologists are being converted to a belief in the reality of the lesion known as carcinoma in situ, or intra-epithelial carcinoma. In the vaginal portion of the uterine cervix this lesion is said to precede the development of infiltrating cancer by a period of years. Under the guidance of Dr. J. Bamforth I have learned to regard this lesion as having distinctive histological characters and Dr. Bamforth is encountering an increasing number of instances in the course of his work in the Clinico-pathological Laboratories of the Imperial Cancer Research Fund. The multiple lesions of chronic arsenical dermatitis and their progress to carcinoma in situ and infiltrating cancer afford a striking demonstration of theincreased cellular reactivity of a surface epitheium "initiated" for long periods of time by a carcinogen in subcarcinogenic doses.
In conclusion, I would suggest that the general terms of the hypothesis of "initiation and promotion" are sound, that detailed investigation of other "initiated" epithelia would provide useful evidence and probably help us to understand the early pathogenesis of carcinoma in epithelial surfaces exposed to the hazards of a carcinogenic environment. Dr. P. R. Peacock (Cancer Research Department, Royal Beatson Memorial Hospital, Glasgow): Two main trends in cancer research are of particular interest to me. The first is towards more detailed knowledge of the intimatelife of cells and involves the techniques of tissue culture, virology, and electron microscopy on the morphological side, and of biochemistry and organic and theoretical physical chemistry on the analytical and deductive side. These techniques are practically limited to small groups of specialists. The second is based on denographic and geographic peculiarities in the incidence of human cancer and the eaperimental assay of suspected environmental carcinogenic fac-tors deduced from such studies. It is this second line of work which I shall discuss.
The early work of Hoffman in America and of Stevenson, Cramer and others in Great Britain drew attention to the great difference in site incidence in different groups of people, and these may be summarized as follows:
(1) The total incidence of cancer in man is much the same in all countries where the expectation of life is comparable.
(2) The site incidence often differs between such groups, e.g. in Scandinavian countries cancer of the stomach is about twice the incidence found in Great Britain.
(3) Within the same country the different socio-economic groups differ in regard to cancer of some exposed sites, e.g. skin and upperalimentary canal; but not for others, e.g. lungs and rectum.
(4) An increasing number of industrial' and environmental carcinogenic hazards are known.
Some of the commonest sites of cancer in man are rare most other animals, e.g. cancer of the stomach and of the lung.
3 : 4-Benzpyrene is formed when organic matter is destructively distilled with incomplete oxidation and is found in coal-tar, pitch, soot, and in atmospheric pollution from such sources, and must have been a common human environment for many centuries, particularly in towns.
Apart from the use of organic fuel for heat and power, some kinds of cooking and smoking afford otjher examples ofpyrolysis of organic matter and merit further consideration, for whereas almost all people in so-called temperate zones are subject to atmospheric pollution, the exposure to environmental factors of cooking and smoking vary considerably. For example, frying, grilling and roasting cause different chemical reactions from boiling or stewing. Not only so, but the vessels used for cooking can play an important part in the chemical changes involved. Iron is a potent catalyst for heated fats and induces more vigorous reactions than, for example, aluminium or glass. The nature of the changed products is not fully understood but polymerization occurs and a number of polymers are under suspicion as potential carcinogens.
Whatever the chemical nature of the end products, cottonseed oil heated to 3200 C. in the presence of iron is more carcinogenic for the forestomachs of mice than heated in glass vessels without contact with iron. Thus such a simple change in human habits as the increasing use of non-fefrous cooking vessels might have an inflUence on the incidence of gastric cancer, if the human stomach reacts in the same manner as the fOrestomach of the mouse, though we have no means of being sure about this.
Smoking presents a much more difficult problem to the experimentalist, though the issue is more clear-cut than any other human environmental factor outside certain industrial hazards. The association between cigarette smoking and lung cancer seems to be established beyond all reasonable doubt, though the causal nature of the association has not been proved. The presence of 3 : 4-benzpyrene in cigarette smoke reported by Cooper et aL (1954, Chem. & Ind. (Rev.) , p. 1418) has been confirmed by Lyons (1956, Nature, Lond., 177, 630) in my Department, but the quantity is not large compared with that present in the atmosphere of industrial areas.
To double the annual intake of 3: 4-benzpyrene from atmospheric pollution a town dweller would have to smoke about 60,000 cigarettes a year. On the other hand, to double the quantity of airborne arsenic only 100 to 150 cigarettes need to be smoked.
While it is difficult to eliminate ordinary atmospheric pollution as a factor in the experimental study of lung cancer, it can be achieved for small rooms fitted with efficient ventilating plant. Thanks to a generous loan of an electrostatic precipitator by Professor Mayneord, we are able to maintain a colony of mice in an almost soot-and dust-free atmosphere, for comparison with a genetically similar colony in an adjoining room with unfiltered air.
About 20% of untreated mice over 1 year of age have adenoma or adenocarcinoma of the lung in our animal house and it will be interesting to see whether the colony in the cleaner atmosphere shows any reduction in this incidence.
Other species of laboratory animals rarely develop tumours of the lungs or bronchi. The problem of exposing animals to tobacco smoke under conditions resembling those of the human habit is not an easy one. The following desiderata must be met: The smoke should reach the animal's lung in intermittent puffs with free access to relatively pure air between exposures. The distance travelled by the smoke should be about 6-12 in. from cigarette to lung as in the human. The exposure should not cause contamination of the whole aniimal or of its food with smoke. The animal should be relatively free from spontaneous lung cancer but susceptible to it when exposed to a carcinogen.
To meet these requirements as far as possible we have used fowls which we have shown to develop cancer of the bronchus after exposure to 2-acetylaminofluorene, but which rarely develop spontaneous cancer of respiratory system. For experiments on atmospheric pollution we use mice in two rooms with different levels of atmospheric soot by filtering the air in one room and blowing in the unfiltered air of the centre of Glasgow in the other.
Dr. Peacock concluded by projecting a film which shows the anatomy of the respiratory system in the fowl and a simple technique for pumping cigarette smoke through the air sacs and lungs. Details of this work have already been published (Peacock, 1955, Brit. J. Cancer, 9, 461) . It will be some years before we can assess the influence of the habit on these amiable and co-operative birds.
Dr. R. L. WorralH: A recent trend in cancer research is seen in attempts to check malignant growth by the administration of fat antioxidants, such as tocopherols, gallates and other substances used in food preservation. These attempts are based upon the assumption that something is radically wrong with fat metabolism in cases of cancer.
In a healthy individual, stored or circulating neutral fat is an unoxidizable food reserve, unavailable as such for cell nutrition. Irradiation, however, whether with X-rays or products of atomic fission, can initiate the abnormal process of fat autoxidation. This process is self-perpetuating, and may continue spontaneously for months or years, since it occurs through uncontrolled chain reactions. Irradiation, which is a potent cause of cancer, thus tends to induce a self-perpetuating metabolic disorder.
Elsewhere, I have presented evidence indicating that localized autoxidation of neutral fat constitutes an abnormal source of auxiliary nutriment for cancer cells, while having a detrimental effect on normal cells. This conclusion emerges from a study of myeloid leukemia, where early disappearance of marrow fat is an outstanding accompaniment of the malignant growth of white cells in the bone marrow.
The widely accepted "somatic mutation" hypothesis of cancer is now somewhat threadbare. As an alternative, I have suggested that carcinogenesis is a heritable cell adaptation to an abnormal biochemical situation, namely neutral fat autoxidation, induced by irradiation or by specific chemical compounds.
UJsing this possibility as a working hypothesis, one can narrow the choice of compounds, for experimental cancer chemotherapy, to those substances which are known to react with products of neutral fat autoxidation. Various antioxidants, designed to prevent peroxide formation, have not checked malignant growth in experimental animals, and compounds of another class offer greater promise. Applying the principle, set a thief to catch a thief, one can administer peroxide-forming compounds, such as those found in the volatile oils, in order to set up catastrophic reactions in cancer cells.
Treatment of human cancer cases with these peroxide-forming compounds is in fact already in progress, and details of the theory and practice of this new trend in cancer research are available.
Mr. Musgrave Woodman said that he was particularly interested in the preparation of the chromosomes. Professor Haddow's attention had been largely devoted to experimenting with carcinogens and he hoped that some day he would produce something which would put their reaction into reverse and clean up cancer rather than produce it.
Dr. Peacock had said that the last function of the cell was to multiply. How often one had seen an apple tree, when getting old, throw out more and more apples every year in a last effort to propagate.
Mr. S. W. Allinson said that at a research centre in New York he had been shown the experiments carried out with purine derivatives. They cultivated cancer cells in vitro and treated them with various purine derivatives. Photography with the electron, microscope showed that the cancer cells were destroyed whereas the normal tissue was not destroyed.
He wondered if any work was being done with purine derivatives in this country.
Professor Haddow, in reply to Mr. Allinson, said that much work was going on in this country in the field of metabolic antagonists, with special reference to anti-folic, anti-purine and anti-pteridine agents.
[May 4, 1956] THE following papers were read: Ectopic Salivary Adenomas, by Mr 
